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Abstract 
Tourist activity has played an important role in global economic activity, and tourism industry has been the 
important industry that many countries make effort to develop. According to the World Tourism Organization 
(UNWTO), international visits worldwide have risen from 675 million in 2000 to 940 million in 2010, and tourism 
industry contributes 9% of global gross domestic product (GDP). In Taiwan, domestic travel increases from 79 
million in 2000 to 120 million in 2010, and tourism industry contributes 4.7% of GDP. On the contrary, the 
environment issue of tourism industry has not yet been recognized since it i
 Most researchers on tourism industry are concerned with the economic growth and they agree that tourism 
industry is important to local economic development. Moreover, the research of the environmental impact cause of 
tourism industry is focused on carrying capacity and energy consumption; there are only a few researches discussing 
the relation between tourism industry and environment. 
In this research, we combined the regional input-output tables which estimated by using RAS procedures with 
green-gross national products to assess both the direct and indirect environmental impact of tourism industry 
development in Taiwan. Because of the data acquisition is restricted, we used transactions table of domestic prices, 
energy balance sheet, green-gross national products, tourism satellite account, gross county product, etc. in Taiwan in 
2006. After adjusting industrial sectors and separating tourism industry from other data, we used regional Economic 
Input-Output Life-Cycle Assessment (EIO-LCA) to find out the environmental impact in different regions. Thus, we 
could analyze the link of environmental impact in different counties by the distribution of demand-supply industries. 
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1. Introduction 
Travel & Tourism is the real global economic activity; it is one of 
economic sectors that contributes trillions of dollars annually to the global economy, creates jobs and 
wealth, generates exports, boosts taxes and stimulates capital investment [1]. According to the World 
Tourism Organization (UNWTO), international visits worldwide have risen from 675 million in 2000 to 
940 million in 2010, and tourism industry contributes 9% of global gross domestic product (GDP). In 
Taiwan, tourism industry has been considered to be the principal development industry in future; not only 
because of Taiwan is abundant in natural and cultural landscapes, the tourism industry is known as an 
.  However, tourism industry may not as clean as people think; the impacts 
sometimes overshadow the benefits and seldom the development is as environmentally sound as it could 
be [2]. Rosenblum et al. [3] have estimated that the service sector had almost the same energy use and 
global warming potential as the manufacturing sector, while Torras [4] suggested that the shift toward 
services would not reduce the global environmental impact. Instead, the impact will continue to grow. 
Pei- s [5] research showed that Wholesale and retail trade industry and Accommodation and 
Eating-Drinking places contributed to the large number of indirect environmental impacts. Moreover, 
these two industries are the main parts of the tourism industry. 
In Taiwan, it has been a long time that the government did not publish the regional input-output table 
since 1981. However, tourism activities do not occur in every part of the country; thus, it is not a good 
idea to use the input-output table of the whole country to find the impacts of tourism industry 
development. In this research, we used RAS approach to structure the regional input-output table. After 
estimating the regional input-output table, we used EIO-LCA to calculate the environmental impacts 
caused by tourism industry.  
1.1. Tourism industry 
Tourism is a global force for economic and regional developments. Along with it, tourism development 
brings a mix of benefits and costs and the growth of the field of tourism economics makes an important 
contribution to tourism policy, planning and business practices. During the life of the Sustainable 
Tourism Cooperative Research Centre (STCRC), a series of research reports have been published which 
put forward a range of new perspectives and methods that have advanced the global understanding on 
tourism contributions for destinations, resource use, evaluations and business practices. [6] Even tourism 
has grown substantially over recent decades as an economic and social phenomenon; however, tourism 
industry is not a standard industrial classification because t
activities (accommodation, transportation, telecommunications and so on). Therefore, when we wanted to 
separate tourism industry from other data, we needed to know which industry belonged to the tourism 
industry and how many shares that tourist activities contributed in it. The definition from World Tourism 
Organization (UNWTO) is 
outside their usual environment for not more than one consecutive year for leisure, business and other 
purposes.  The definition of  in Taiwan is The development, 
construction, and maintenance of tourism resources; the construction and renovation of tourism facilities; 
the provision of services and facilitation for tourist transportation, board and lodging; or the provision of 
 
In this research, we based on the Tourism Satellite Accounts (TSA) published by Tourism Bureau of 
Republic of China to adjust industrial sectors. Some information from Tourism Economics Summary on 
TSA is in following sentence  TSA extracts from the National Accounts is the contribution that tourism 
makes to other sector of the economy, allowing measurement of the true contribution of tourism to GDP 
or Gross State Product (GSP) and permitting comparison with other economic sectors listed in the 
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national accounts.   is identified from the demand side by measuring the 
demand for various commodities.  
 
This makes it possible to form a link to the supply side of the tourism industry through the identification 
of tourism commodities and, hence, to the industries which are the characteristics of, or connected to, 
 (6) 
Based on TSA, we would indicate Hotel, rooming houses, camps and other lodging industries, Food 
and Beverage industry, Transportation, storage and communications, Cultural and Recreational Services, 
and Wholesale and retail trade industries to be the tourism industries. 
 
1.2. Input-output analysis 
Input-output model is a quantitative economic technique that represents the interdependencies between 
different branches of the national economy or between branches of different (even competing) economic. 
[7] By using multipliers analysis, impacts analysis and linkage effects analysis, we could measure 
economic impacts in terms of employment, personal income, and state & local taxes. [8] I-O model could 
be combined with other information, such as, employment, energy and environment; thus, it is widely 
used in many economics effects analysis.  
There are some researches analyzing the economic effects of tourist activities by using I-O model in 
the following form. 
Table 1. Research analyze economic effects by I-O model 
An example of a column heading Author Year Study area Result 
The Significance of Festivals to Rural 
Economies: Estimating the Economic 
Impacts of Scottish Highland Games in 
North Carolina 
D. Chhabra,  
E. Sills, and 
F.W. Cubbage 
2003 North Carolina,USA 
The magnitude of the economic impact 
depends on characteristics of both the 
festival (number of days) and the local 
economy (other attractions and linkages). 
Economic impacts of a heritage tourism 
system 
Charles H. 
Strauss and 
Bruce E. Lord 
2001 Pennsylvania State, USA 
Certain levels of gross economic activity 
were generated by the investments of 
refurbished and expanded system, that 
work can foster additional economic 
activity within the region. 
Economic Impacts of Sun Moon Lake 
National Scenic Area(SMLNSA) 
Yann-Jou Lin, 
Ting-Ju Lin and 
Bau-Show Lin 
2007 Taiwan 
The results of I-O analysis indicate that 
tourists' expenditure generates amounts of 
economic impacts and income. These 
results reveal that SMLNSA brings huge 
economic benefits to the host city every 
year. 
Analyze the Impact of Tourism on Taiwan 
Economic Development by Input-Output 
Model 
C, Hsiao Lan, 
and 
H, Shanghsing 
2008 Taiwan 
Related to tourism industry, transportation 
and entertainment industries can have 
more contributions to improving 
economic development, and shows that 
tourism industry is able to reduce 
unemployment rate and increase national 
income. 
[9,10,11,12] 
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1.3. RAS approach 
Originally, applications of the input-output model were carried out at national levels, but when we 
wanted to know the economic analysis at regional level  a county or a metropolitan area  we had to 
modify the input-output model that could reflect the peculiarities of a regional problem. To structure the 
regional input-output model, there are three ways. First is the survey method. Second is the Non-survey 
method. Third is Partial-survey method. But, smaller geographic scale, such as county or township, may 
have fewer resources available for the types of data collection needed for survey-based input-output 
tables. Collecting the survey data takes a lot of time and money which is hard for researcher to structure 
the regional input-output table by surveying method by themselves; therefore, there are some non-survey 
method and partial-survey method to estimate regional input-output table, such as Simple Location 
Quotients (SLQ), Cross Industry Quotients (CIQ), Purchase-only Location Quotients (POLQ), Supply-
Demand Pool Approaches (SDP) and RAS Approaches.[8] Although there are many ways to estimate the 
regional input-output table, RAS Approaches seemed to have better result than other methods.[13,14,15] 
In this research, we selected RAS Approaches as the method when we structured the regional input-
output table. 
 
1.4. Economic Input-Output Life-Cycle Assessment (EIO-LCA) 
Life-cycle assessment (LCA) is an important tool used in pollution prevention and green design 
efforts. Selection of product design, materials, processes, reuse or  recycle strategies and final disposal 
options requires careful examination on energy and resource consumption, as well as environmental 
discharges associated with each prevention or design alternative.[16] Linking environmental data to 
monetary input-output tables is another approach to conduct an environmental life cycle assessment. The 
input-output approach can provide some clear benefits from the perspective of the environmental 
management of the service sector companies.[17] There are three basic categories of environmental input-
output models: Generalized Input-Output Model, Economic-Ecologic Model and Commodity-by-Industry 
Model. Economic input-output life cycle assessment (EIO-LCA) belongs to the first category by adding 
additional column in coefficient matrix to reflect pollution generation and abatement activities.[8] 
EIO-LCA cannot only solve the boundary problem to LCA; it also shows greater ability to estimate the 
environmental impacts from service sector than other LCAs, such as Process-based LCA(PRO-LCA)  
LCA developed by Society for Environmental Toxicology and Chemistry and Environmental Protection 
Agency (SETAC-EPA LCA)[18,19]. 
2. Research design 
  The research used the following main steps: 
   Collecting data source and separating-merging the industry classification. 
Since the data sources are structures for different uses, they have different classifications in some 
sectors. The modification is based on the original I-O tables 
The data sources we used in this research are shown in Table.2. 
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                            Table 2. Data sources in this research 
Data sources Year sectors Purpose 
Input-output tables 2006 52 166 
166 sectors I-O tables use to separate some 
industries from 52 sectors. 
Green gross national products 2006 29 Pollution data 
Energy balance sheet 2006 54 The consumption for the energy sources 
Electric power consumption by industry 
classification 2006 230 The consumption for the electric power 
Industry, Commerce and Service Census 2006 - To find out the percentage between industries and regions. 
Agriculture Statistics yearbook-Composition of 
Agricultural Production 
2006 - To find out the percentage between 
industries and regions. 
Standard Industrial Classification of the 
Republic of China (Rev.7) 2006 - 
The standard industrial classification 
version we use in this research.  
Tourism satellite account 2006 - Figure out the tourism industry and the share they are. 
 
The final industry sectors in this research are shown in the following table. 
 
                            Table 3. Industry sector in this research 
No. Industry No. Industry 
1 
Agriculture, Forestry, Fishing and Animal 
Husbandry 
10 Real Estate and Rental and Leasing 
2 Mining and Quarrying 11 Professional, Scientific and Technical Services 
3 Manufacturing 12 Support Services 
4 Construction 13 Public Administration 
5 Wholesale Trade and Retail Trade 14 Educational Services 
6 Transportation, Storage 15 Health Care and Social Welfare Services 
7 Accommodation and Eating-Drinking places 16 Cultural and Recreational Services 
8 Information and Communication 17 Other Services 
9 Finance and Insurance   
 
 
 Getting four region  total gross outputs, total inter-industry sales and total inter-industry purchases 
from the Industry, Commerce and Service Census; then, using RAS approach with the data to estimate 
four regional in Taiwan. The region in Taiwan is shown in the Fig1.  
 
 Calculating the total external output per dollar of output with the following formula: 
 
Ri = total external output / Xi 
where Ri is used to denote the impact in sector i, and Xi is the total dollar output for sector i.  
 
To determine the total (direct plus indirect) impact throughout the economy, the direct impact value 
was used with the EIO model.  A vector of the total external outputs, Bi, could be obtained by 
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multiplying the total economic output at each stage with the impact:
Bi = Ri X = Ri(I - A)-1 y
where Ri was a matrix with the elements of the vector Ri along the diagonal and zeros elsewhere,
and X was the vector of relative change in total output based on an incremental change in final
demand. A variety of impacts could be included in the calculation resource inputs, such as, energy, 
electricity or water; or environmental burdens, such as, criteria of air pollutants, global warming gases
or hazardous wastes.
Fig. 1. Map of Taiwan with regions colour-coded
3. Results
Electricity and energy use per million dollar input were higher than the sector of Accommodation and 
Food Services and Cultural and Recreational Services.
With the large number of the final demand, the sector of Wholesale Trade and Retail Trade consisted
of a great number of indirect environmental impacts; most of them came from Manufacturing sectors.
The sector of Tourist had higher air pollution impacts than other service sectors; most of them were 
from Transportation, Storage.
Wholesale Trade and Retail Trade, Transportation, Storage and Accommodation and Food and 
Beverage places had higher electric power and energy consumptions.
In general, Tourism industry had higher environmental impacts than other service sectors, except for 
hazardous industrial waste.
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4. Discussion 
Obviously, tourism industry has more environmental impacts than other service sectors, such as, 
Finance and Insurance and Real Estate, Rental and Leasing. That is because tourist activities have higher 
relation with the transportation and which may result in the amount of pollution. In addition, Wholesale 
Trade and Retail Trade have a lot of relation with manufacturing, and Accommodation and Food Services 
also need a lot of electric power input. 
In this research, we didn t separate the manufacturing sector; however, had we separated it, we might 
have known more clearly the indirect impacts from service sector to manufacturing sector. Another 
important thing is in this research, we used the RAS approach to estimate regional I-O tables; however, 
those tables only reflected the phenomenon of inter-industry. Although interregional I-O model may not 
have too much interregional feedback (may be under 3%), (21) it may still be worthwhile to structure 
interregional I-O table because it can indicate the impact to other region. 
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